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Field of the Invention 

The present invention relates to a choke coil utilized in electronic products both for consumer 
5 and industrial uses. 

Background of the Invention 

Thanks to the development of various electronic devices, electronic products have 
become smaller and thinner in size, consume power, and have better performance. And yet, the 

1 0 market's demand for the better products still continues. In order to meet this demand, a power 
supply section, particularly in a switching power supply, has struggled with the following three 
major demands: 1 . accommodating a higher switching frequency, 2. employing a higher density 
of parts mounting, particularly when utilizing surface mounting techniques, 3. accommodating 
a large current responsive to a higher performance of semiconductor, etc. Accordingly, a demand 

15 has arisen for a choke coil, one of the major parts of the switching power supply, having a smaller 
loss, that accommodates a larger current, and is smaller and thinner for use with surface mounting 
techniques. 

A conventional thin-type choke coil well known in the market is illustrated in Figs. 47 
through 5 1 . Fig. 47 is an exploded perspective view, Fig. 48 is a perspective view depicting the 

20 coil incorporated with a closing magnetic core. Fig. 49 is a perspective view depicting a complete 
product. Fig. 50 is a cross section, and Fig. 51 is a top view depicting the coil from which one 
magnetic core is removed. 

The following elements are illustrated in the above Figs.: flat type wire 1 covered by 
an insulated material, coreless coil 2, an inner turn 3 of the coreless coil 2, an outer turn 4 of the 

25 coreless coil 2, a temiinal 5 of the inner turn 3, a terminal 6 of the outer turn 4, a center magnetic 
leg 7, an outer magnetic leg 8, a common magnetic yoke 9, a closing magnetic core 10 of 
magnetic field, an insulating paper 1 1, a window height 12 of the closing magnetic core 10. The 
structure of the conventional thin-type choke coil is as follows: The coreless coil 2 is formed by 
coiling the flat type wire 1 . The inner terminal 5 and the outer terminal 6 are coupled with an 

30 inner turn 3 and outer turn 4 of the coreless coil 2 respectively by e.g., soldering. The coreless coil 
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2 and the insulating paper 1 1 are disposed around the center magnetic leg 7 of the closing 
magnetic core 10. 

In the above structure, however, the inner terminal 5 coupled with the inside turn 3 of 
the coreless coil 2 is led out from a clearance between the coreless coil 2 and the common 
5 magnetic yoke 9 of the closing magnetic core 10, thus a thickness of the inner teiTninal 5 is added 
to the window height 12 of the closing magnetic core 10, whereby a dead space is produced in the 
window height direction. As a result, a space factor lowers and the choke coil cannot be further 
slimmed. 

In addition, since the iimer termmal 5 is led out from the clearance between the coreless 
10 coil 2 and the common magnetic yoke 9, a sectional area of the inner terminal 5 cannot be 
enlarged. Thus, the choke coil cannot accommodate a larger current. 

The present invention aims to provide a thinner choke coil by lowering the height, and 
a choke coil which can accommodate a larger current as well. 

1 5 Summary of the Invention 

In order to address the above problems, the choke coil according to the present invention 
comprises the following elements: 

(a) a closing magnetic core having a center magnetic leg, an outer magnetic leg and a 
common magnetic yoke, 

20 (b) a coreless coil made of a coiled plate-type-wire comprising a flat-type-wire or foil- 

type-wire, having terminals on both ends of the plate-type- vdre. 

The coreless coil is disposed around the center magnetic leg of the closing magnetic 
core, and at least an inner terminal of the terminals is led out from a notch or an opening provided 
on the common magnetic yoke of the closing magnetic core. Thus the thickness of the inner 

25 terminal of the coreless coil does not influence the window height of the closing magnetic core. 
As a result, no dead space is allowed in the window height direction, the space factor increases, 
and the window height of the closing magnetic core can be lowered, whereby a thinner choke coil 
is realized. At the same time, the thickness as well as the cross area of the inner terminal can be 
increased so that the choke coil can accommodate a larger current. 
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Brief Description of the Drawings 

Fig. 1 is an exploded perspective view of the choke coil in the first exemplary 
embodiment according to the present invention. 

Fig. 2 is a perspective view depicting the coreless coil mounted to the terminal base 
5 illustrated in Fig. 1 . 

Fig. 3 is a perspective view of a completed product shown in Fig. 2. 

Fig. 4 is a top view depicting the assembled elements illustrated in Fig. 3 including the 
coreless coil, the terminal base and E-shape magnetic core. 

Fig. 5 is a cross section of the completed product shown in Fig. 4. 
1 0 Fig. 6 is a perspective view depicting an example of a pin terminal. 

Fig. 7 is a perspective view depicting an example of TU-shape magnetic core. 

Fig. 8 is a top view depicting a modification of E-shape magnetic core. 

Fig. 9 is a top view depicting the coreless coil mounted around the E-shape magnetic 

core. 

1 5 Fig. 1 0 is an exploded perspective view depicting the choke coil utilized in the second 

exemplary embodiment of the present invention. 

Fig. 11 is a perspective view depicting the coreless coil mounted to the terminal base 
illustrated in Fig. 10. 

Fig. 12 is a perspective view depicting the assembled elements illustrated in Fig. 10 
20 including the coreless coil, the terminal base and E-shape magnetic core. 

Fig. 13 is a perspective view depicting an insulating paper incorporated into the status 
shown in Fig. 12. 

Fig. 14 is a perspective view of a complete product depicted in Fig. 13. 
Fig. 15 is a perspective view of the assembled elements illustrated in Fig. 10 including 
25 the coreless coil, the terminal base and E-shape magnetic core. 

Fig. 16 is a cross section of the complete product depicted in Fig. 14. 
Fig. 17A and Fig. 17B are a top view and a front view depicting the coreless coil before 
it is coiled. 

Fig. 1 8 is a top view of the coreless coil depicted in Fig. 17. 
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Fig. 19 is a top view of another coreless coil. 

Fig. 20 illustrates inconvenience in coupling the terminals of the coreless coil. 
Fig. 21 illustrates a method of coupling the terminals where a spacer is used. 
Fig. 22 is a cross section depicting an I-shape magnetic core having a cavity. 
5 Fig. 23 is a cross section depictmg inconvenience when the I-shape magnetic core does 

not have the cavity. 

Fig. 24 is an exploded perspective view depicting a cylinder being separated from the 
terminal base. 

Fig. 25 is an exploded perspective view depicting the coreless coil being incorporated 
1 0 into the cylinder. 

Fig. 26A through Fig. 26C are a top view, side view and front view depicting the E- 
shape magnetic core. 

Fig. 27A and Fig. 27B are a bottom view and a front view depicting the I-shape 
magnetic core. 

1 5 Fig. 28A and Fig. 28B are a bottom view and a front view depicting another 1-shape 

magnetic core. 

Fig. 29 is an exploded perspective view of the choke coil utilized in the third exemplary 
embodiment according to the present invention. 

Fig. 30 is a perspective view of a complete product depicted in Fig. 29. 
20 Fig. 3 1 is a cross section of the complete product depicted in Fig. 29. 

Fig. 32 is an exploded perspective view of the choke coil utilized in the fourth 
exemplary embodiment according to the present invention. 

Fig. 33 is an exploded perspective view of the assembled elements illustrated in Fig. 32 
including the coreless coil, terminal base, I-shape magnetic core and the insulating sheet. 
25 Fig. 34 is a perspective view of a complete product depicted in Fig. 33. 

Fig. 35 is a cross section of the complete product depicted in Fig. 33. 

Fig. 36 is an exploded perspective view depicting the choke coil utilized in the fifth 
exemplary embodiment according to the present invention. 
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Fig. 37 is a perspective view depicting the assembled elements illustrated in Fig. 36 
including the coreless coil and the terminal base. 

Fig. 38 is a perspective view depicting the assembled elements illustrated in Fig. 36 
including the coreless coil, terminal base, E-shape magnetic core. 
5 Fig. 39 is a perspective view depicting the insulating sheet being further assembled with 

the elements illustrated m Fig. 38. 

Fig. 40 is a perspective view of a complete product depicted in Fig. 36. 

Fig. 41 is a cross section of the complete product depicted in Fig. 36. 

Fig. 42 is an exploded perspective view of the choke coil utilized in the sixth exemplary 
1 0 embodiment. 

Fig. 43 is a perspective view depicting the choke coil on the way of assembly. 
Fig. 44 is a perspective view of a complete product illustrated in Fig. 42. 
Fig. 45 is a cross section of the complete product. 

Fig. 46 is a front view of a coreless coil before being coiled and used in the sixth 
15 exemplary embodiment. 

Fig. 47 is an exploded perspective view of a conventional choke coil. 
Fig. 48 is a perspective view depicting the assembled elements in Fig. 47 including the 
coreless coil, terminal base and E-shape magnetic coil. 

Fig. 49 is a perspective view of a completed product depicted in Fig. 47. 
20 Fig. 50 is a cross section of the completed product. 

Fig. 51 is atop view depicting a top view of the assembled elements illustrated in Fig. 
47 including the coreless coil, terminal base and E-shape magnetic core. 

Description of the Preferred Exemplary Embodiment 

25 The present invention is further detailed by referring to the attached drawings. 
Embodiment 1 

The first exemplary embodiment of the present invention is described by referring to Figs. 1-5. 
A coreless coil 20 comprises a coiled plate-type wire 21 made of flat type wire or foil type wire. 
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* 1/ 

More specifically, a self welding flat-type-wire coils itself and is heated to soften the self welding 
layer, thereby welding the layers with each other and forming the coreless coil 20. 

Both the ends of this coreless coil 20, i.e., an inner and an outer ends, are coupled with plate- 
type terminals 22 and 23, which are led out so that they protrude downward from the coreless coil 
5 20. These terminals 22 and 23 are to be assembled into the terminal base 24. The terminal base 
24 is made of insulating material such as synthetic resin, and comprises a cylinder 25, base plate 
26 and a triangular protrusion 27 with which the coreless coil 20 engages. These three elements 
function as an insulating layer respectively. 

The cylinder 25 of the terminal base 24 has a thickness deviation at a part, i.e., this part is 

1 0 thicker than other part, corresponding to the terminal 22 of the coreless coil 20, and has a vertical 
groove 28 which guides the terminal 22 engaged with the corresponding thicker part. A terminal 
hole 29 through which the terminal 22 extends is punched on the base plate 26 at the lower end 
of the vertical groove 28 and on the triangular protrusion 27. Another terminal hole 30 is punched 
on the base plate 26 to which the terminal 23 coupled with the outer end corresponds. Beneath 

1 5 the bottom face of the triangular protrusion 27, a terminal groove 3 1 connected to the terminal 
hole 29 is provided. Also beneath the base plate, a terminal groove 32 connected to the terminal 
hole 30 is provided. After assembling the coreless coil 20 with the terminal base 24, the protruded 
terminals 22 and 23 are bent, and then fit into the terminal grooves 3 1 and 32 so that the terminals 
22 and 23 can be led out to the sides from the triangular protrusion 27 in the terminal base 24 and 

20 the corresponding end face of the base plate 26. In other words, when this type of terminal base 
24 is used, the terminals 22 and 23 are led out to the opposite directions independently, i.e., led 
out at an angle of 180° difference with each other, and whereby the choke coil is suitably 
constructed for surface moimting. 

A closing magnetic core 34 is incorporated with the assembled product of the coreless coil 20 

25 and the terminal base 24. The closing magnetic core 34 is formed by E-shape magnetic core 39 
and I-shape magnetic core 40, which are both made of a sintered body of manganese ferrite. The 
magnetic core 39 of the closing magnetic core 34 comprises a center magnetic leg 35, outer 
magnetic legs 36 on both sides, and a common magnetic yoke 37. On the common magnetic yoke 
37 of the E-shape magnetic core 39, a notch 38 is provided in which the triangular protrusion 27 
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of the terminal base 24 can be fit. A cavity 41 is provided at inside center of the outer magnetic 
leg 36 of the E-shape magnetic core as a guide along an outer shape of the coreless coil 20, 
whereby the dimension of the choke coil can be further reduced. 

The above structure is manufactured by performing the following operations: assemble the 
5 terminal base 24 with the coreless coil 20, bend the terminals 22 and 23 along the terminal 
grooves 31 and 32, and fit the terminals into the grooves, then incorporate the E-shape magnetic 
core 39 having a cylindrical center magnetic leg 35 with the terminal base 24 fi:om its bottom face, 
and fit the triangular protrusion 27 into the notch 38 so that the both elements are positioned, 
whereby a structure illustrated in Fig. 2 is completed. Then, incorporate insulating sheet 33 with 
10 the - structure of Fig. 2, and further incorporate the I-shape magnetic core 40, thereby completing 
the choke coil illustrated in Fig. 3. 

In this assembly, when the center magnetic leg 35 is lower than the outer magnetic leg 36 of 
the E-shape magnetic core 39 on both sides, the choke coil is able to have a magnetic gap 42 
above the center magnetic leg 35, thereby improving the current superimpose characteristics of 
1 5 the choke coil without increasing leakage flux from the closing magnetic core 34. 

The insulating sheet 33 is made of polyester film, polyhenylenesulfide film, or aramid paper, 
and is inserted into the magnetic gap between the center magnetic leg 35 of the E-shape magnetic 
core 39 and I-shape magnetic core 40. 

In the above structure, since the terminal base 24, the triangular protrusion 27 and the 
20 terminals 22, 23 are placed or led out by utilizing the notch 38 of the common magnetic yoke 37, 
the thickness of the terminals 22, 23 does not affect the window height direction of the closing 
magnetic core 34. Thus the terminals 22, 23 can be enlarged both in thickness and sectional area, 
whereby the choke coil can accommodate a large current. Further, the coreless coil 20 is mounted 
on the face where the center magnetic core 35 is adjacent to the common magnetic yoke 37 of the 
25 closing magnetic core 34, with insulating layers such as the base plate 26 and the cylinder 25 
between the coreless coil 20 and the face. Accordingly, the coreless coil 20, the terminals 22 and 
23 are prevented from being damaged during assembly, and as a result, the choke coil with the 
higher efficiency in assembly as well as the higher reliability can be realized. 
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In the above exemplary embodiment, the plate-type terminal is employed as the terminals 22, 
23 coupled to both the ends of the coreless coil 20, however, a pin-type terminal as illustrated in 
Fig. 6 can be also employed, whereby the choke coil can be mounted in a multi-layer printed 
circuit board. 

5 The E and I-shapes (El-shape) magnetic cores are employed in the closing magnetic core 34 
in the above embodiment, however, the TU-shape or EE-shape magnetic core as shown in Fig. 7 
can be employed instead of the El-shape. Although the cross sectional view of the center 
magnetic leg 35 of the closing magnetic core 34 shows a circle in the above embodiment, it can 
be an ellipse or oval so that the window width of the closing magnetic core 34 can be broadened 
1 0 with regard to the sectional area of the center magnetic leg 35 as shown in Figs. 8 and 9. 

When the notch 38 is provided on a first side of the common magnetic yoke 37 and not 
provided on a second side of the common magnetic yoke, a thickness of the second side can be 
65-90% that of the first side without affecting the characteristics of the choke coil. As a result, 
a weight of the ferrite core can be reduced, and a height of the choke coil can be lowered. 

15 

Embodiment 2 

The second exemplary embodiment is described by referring to Figs. 10-16. The basic 
structure is same as that of the first exemplary embodiment, thus only the different points are 
described here. The coreless coil 20 employs the plate-type wire 21 made of self welding flat- 
20 type- wire. The plate-type wire 21 coils itself, and forms the coreless coil 20, and the coreless coil 
is heated so that its shape can be retained with the self welding layer. However, external force is 
applied to either end of the coil to peel off, and thus the coreless coil 20 sometimes loses the coil- 
shape. 

The portions which retain the terminals 22 and 23, therefore, should be avoided being both 
25 ends of the coil, and an extension part 45 is provided instead, whereby adhesion by heating is 
increased, and as a resuh, the coil is prevented from losing its coiled shape. 

In addition, a bent portion 46 is provided on both the ends in a radial direction, i.e., the bent 
portion 46 at the inner end protrudes inward, and another bent portion 46 at the outer end 
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protrudes outward. This structure can prevent insulation between the layers from being damaged 
by the edges of both the ends of the plate-type wire 21 of the coreless coil 20. 

The cylinder 25 of the terminal base 24 has a thickness deviation, i.e., the corresponding part 
to the inner terminal 22 of the coreless coil 20 is thicker than the other part, and the vertical 
5 groove 28 is disposed on this thicker part so that the terminal 22 engaged into the groove 28 can 
be guided, and an engaging groove 47 is disposed within a little distance from the vertical groove 
28 so that the bent portion 46 disposed at the inner end of the coreless coil 20 can be engaged 
with. 

Regarding the terminal base 24, a support protrusion 49 is disposed at respective four corners 

10 of the base plate 26 with a predetermined distance from the cylinder 25. An opposite face of the 
support protrusion 49 to the cylinder 25 is tapered (taper 50) so that the coreless coil 20 can be 
incorporated by guiding with this taper 50. In addition, a tapered notch 5 1 is provided on a 
respective support protrusion 49, and an engaging down flap 52 is provided on the respective four 
comers of the insulating sheet 33. Then, the flap 52 is engaged with the tapered notch 5 1 thereby 

1 5 positioning the insulating sheet 33. 

Another bent portion 46 disposed on the outer end of the coreless coil 20 is engaged with an 
end face of one of the four support protrusions 49 provided on the base plate 26. 

The E and I-shapes magnetic cores 39 and 40 are used as the closing magnetic core 34. On 
the I-shape magnetic core 40, a cavity portion 44 is provided in order to give a relief to the inner 

20 terminal 22 as well as a notch 43 is provided on an opposite edge to the notch 3 8 of titie E-shape 
magnetic core 39 in order to give a relief to the outer terminal 23. 

If the cavity portion 44 were not provided on the I-shape magnetic core as shown in Fig. 23, 
and the terminal 22 were protruded above the coreless coil 20, the upper end of the terminal 22 
would hit the lower face of the I-shape magnetic core 40, and I-shape magnetic core 40 could not 

25 be assembled with the E-shape magnetic core 39. However, when the cavity portion 44 is 
provided as shown m Fig. 22, the upper end of the terminal 22 gets a relief so that the I-shape 
magnetic core 40 can be assembled firmly with the E-shape magnetic core 39. The notch 43 on 
the I-shape magnetic core 40 also functions as well when the terminal 23 protrudes upward. 
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In the same structure as described above, the coreless coil 20 having an ellipse inner shape or 
an oval inner shape is incorporated with the terminal base 24 as shown in Fig. 1 1 tltirough the 
following steps: first, a) incorporate the bent portion 46 of the coreless coil 20 with the terminal 
base 24 by engaging the bent portion 46 with the groove 47 as well as the end face of protrusion 
5 49, second, b) engage the terminals 22, 23 which extends downward through respective holes 29, 
30 punched in the terminal base 24 with respective grooves 31, 32, then pull out the terminals 22, 
23 to an opposite side with each other, third, c) mount the E-shape magnetic core 39 to the 
terminal base 24 from the bottom of the base 24 as shown in Fig. 12, and then, d) assemble the 
flap 52 with the tapered notch 51 so that the insulating sheet 33 can be positioned into the base 
10 24 as shown in Fig. 13, finally, e) mount the I-shape magnetic core 40 on the outer magnetic leg 
36 of the E-shape magnetic core 39 so that the choke coil is completed as shown in Figs. 14 and 
16. 

The choke coil having the above structure has a lot of advantages, e.g., 1) firm positioning of 
the coreless coil 20 as well as the insulating sheet 33 is achieved with ease, and 2) a number of 

1 5 defects in assembling the magnetic cores can be reduced. 

The coreless coil 20 utilized in the above structure is produced through the following steps: 
first, a) form a bent portion 46 by bending a first end of the plate-type wire 21 at a right angle as 
shown in Figs. 17A and 17B, meanwhile, the plate-type wire is made of self welding flat-type- 
wire, second, b) remove an insulating layer from two parts located within a limited distance from 

20 both ends of the wire 21 so that the two parts expose conductive material, third, c) connect the 
terminals 22, 23 to the exposed parts by caulking or welding, then, d) mount a spacer 48 to 
respective rear faces of the connected parts as shown in Fig. 21 so that a short circuit (A) as shown 
in Fig. 20 can be prevented. When the terminals 22, 23 are connected, a burr is produced on the 
face opposite to the connected part of the terminals, the burr causes a short circuit (A), and, e) coil 

25 the plate-type wire and heat the wire to weld each other. Finally, f) fonn another bent portion 46 
by bending a second end of the plate-type wire (i.e., the end of the outer most turn) as shown in 
Fig. 1 8. When the bent portions 46 and the extended portions 45 are not necessarily at the ends 
of coreless coil 20, the structure can be modified as shown in Fig. 19. 

In the above structure, the terminal base 24 is described that the cylinder 25 and the base plate 
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26 are in one molding, however, those two elements can be individually made and coupled to each 
other by a mechanical method or with bond. In this case, as shown in Fig. 25, the coreless coil 
20 can be directly wound to the cyUnder, and then the base plate 26 is assembled with the cylinder. 
This method can improve the production efficiency. 
5 In the above I-shape magnetic core 40, two cavity portions 44 as show in Fig. 27 can be 

provided in order to give a relief to the edges of the terminals 22, and 23. Instead of the cavity 
portion 44, a hole 44b giving a relief to the terminal 22 can be provided as shown in Fig. 28. 
Embodiment 3 

The third exemplary embodiment is described hereinafter by referring to Figs. 29-3 1 . The 

1 0 basic structure is same as that of the second exemplary embodiment, thus different points are only 
described here. The cylinder 25 of the terminal base 24 has deviates in thickness, i.e., one portion 
is thicker than another portion, corresponding to the inner terminal 22 of the coreless coil 20, and 
has a vertical groove 28 which guides the terminal 22 engaged with the corresponding thicker part. 
A terminal hole 29 through which the terminal 22 extends is punched on the base plate 26 and an 

15 annexed square protrusion 55 both are provided at the lower end of the vertical groove 28. 
Another terminal hole 30 is pvmched on the base plate 26 to which the terminal 23 coupled with 
the outer end of the coreless coil corresponds. The coreless coil 20 is assembled into the termmal 
base 24, and then the closing magnetic core 34 is assembled thereto. This closing magnetic core 
34 comprises the E-shape magnetic core 39 and the I-shape magnetic core 40. On the common 

20 magnetic yoke 37 of the E-shape magnetic core 39, a through hole 56 is punched into which the 
square protrusion 55 can be fit . 

On the insulating plate 57, terminal holes 58 and 59 are punched to accept the temiinals 22 
and 23, which extend from the bottom side of the coreless coil 20. On the rear side of the 
insulating plate 57, terminal grooves 60 and 61 are provided adjacent to the holes 58 and 59. 

25 In the above structure, the coreless coil 20 is assembled into the terminal base 24, and the 
square protrusion 55 is fit into the through hole 56 punched on the common magnetic yoke 37 of 
the E-shape magnetic core 39 for positioning. Then, the terminals 22 and 23 extended from the 
bottom side of the coreless coil 20 is led out from the terminal holes 58 and 59. The insulating 
plate 57 is mounted beneath the bottom of the E-shape magnetic core 39. The terminals 22 and 
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23 extended from the bottom face of the insulating plate are bent so that the teiminals 22 and 23 
can be fit into the temiinal grooves 60 and 61, and then, the tenninals are led out from sides of the 
insulating plate 57. Finally, the insulating sheet 33 is assembled and the I-shape magnetic core 
40 is assembled thereto, and the choke coil is completed as shown in Figs. 30 and 3 1 . 
5 The choke coil produced in the above structure has the following advantages, 1) a firm 
positioning of the coreless coil 20, the terminals 22 and 23 can be achieved, and 2) the closing 
magnetic core 34 is insulated from the mounting substrate. As a result, a choke coil suitable for 
being mounted onto the substrate can be obtained. 

10 Embodiment 4 

The fourth exemplary embodiment is described hereinafter by referring to Figs. 32-35. The 
basic structure is same as that of the second exemplary embodiment, thus different points only are 
described here. Regarding the terminal base 24, the support protrusions 49 disposed on each 
comer of the base plate 26 do not have a tapered notch 5 1 which could position the insulating 

15 sheet 33, and only a taper 50 is provided instead. The taper 50 guides the coreless coil 20 when 
the coreless coil 20 is assembled. The notch 38 is provided on the I-shape magnetic core 40 of 
the closing magnetic core 34. The notch 43 is provided on an edge of the E-shape magnetic core 
39, and the cavity portion 44 is provided inside of the E-shape magnetic core 39. The insulating 
sheet 33 does not have the flap 52 for positioning, but has a hole 62 corresponding to the center 

20 magnetic leg 35 instead. 

According to this structure, the choke coil illustrated m Figs. 34 and 35 are assembled through 
the following steps: first, a) incorporate the coreless coil 20 with the I-shape magnetic core 40, 
second, b) bend the terminals 22 and 23 and fit them into the terminal base 24 to join the coreless 
coil 20 to the triangular protrusion 27, third, c) fit the triangular protrusion 27 into the notch 38 

25 for positioning, then, d) fit the hole 62 of the insulating sheet 33 into the center magnetic leg 35 
of the E-shape magnetic core 39, and finally, e) incorporate the E-shape magnetic core 39 with 
the terminal base 24 by fitting the center magnetic leg 35 into the cylinder 25, which ensures the 
positioning of the E-shape magnetic core 39. The choke coil illustrated in Figs. 34 and 35 is thus 
completed. 
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This structure has the following advantages: 1) the I-shape magnetic core 40 is automatically 
positioned by the terminal base 24, and 2) the insulating sheet 33 is positioned by the center 
magnetic leg 35 of the E-shape magnetic core 39. These advantages benefit the choke coil when 
it is manufactured. 

5 

Embodiment 5 

The fifth exemplary embodiment is described hereinafter by referring to Figs. 36-41 . In those 
Figs., the coreless coil 20, closing magnetic core 34, and insulating sheet 33 have the same 
structures as those in the second exemplary embodiment, while only the terminal base 24 has a 

1 0 different structure. Namely, the terminal base 24 to which the coreless coil 20 is mounted forms 
a case comprising the cylinder 25, the base plate 26 and an insulating wall 63. The insulating wall 
63 functions as an insulating layer between the coreless coil 20 and both the outer magnetic legs 
36, and is disposed on the outer edge of the base plate 26. 

According to the above structixre, the choke coil illustrated in Figs. 40 and 41 is assembled 

1 5 through the following steps: first, a) incorporate the coreless coil 20 with the terminal base 24 
shaped like a case, second, b) bent the terminals 22 and 23, third, c) insert the cylinder 25 into 
the center magnetic leg 35 of the E-shape magnetic core 39, the assembled product up to this point 
is illustrated in Fig. 38, d) position the insulating sheet 39 on the terminal base 24 as shown in 
Fig. 39, and e) incorporate the I-shape magnetic core 40 thereon, and complete the choke coil. 

20 In this structure, the terminal base 24 has the insulating wall 63 on the outer edge of the base 
plate 26, and the terminal base 24 is shaped like a case. This structure provides the following 
advantage: the outer turn of coreless coil 20 is insulated from the outer magnetic leg 36 of the 
closing magnetic core 34, whereby a damage to the coreless coil 20 in the assembly process can 
be prevented, and as a result, work efficiency and product reliability are improved. 

25 

Embodiment 6 

The sixth exemplary embodiment is described hereinafter by referring to Figs. 42-46. 
The coreless coil 20 in this embodiment is made of flat type wire or foil type wire 21 . The 
wire coils itself, and forms the coreless coil 20. Plate-type terminals 64 and 65 are connected to 
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the plate-type conductor 21 by ultrasonic bonding or welding at places near to both the ends of the 
conductor 21 as shown in Fig. 46. The terminals 64 and 65 comprises a first part having a width 
B which is connected to the conductor 21 and a second part having a wider width C. A taper 66 
is formed at respective boundary parts between the first and second parts in order to absorb the 
5 width difference. Since lead sides of the terminals 64 and 65 have a wider ar ea, a more stable 
mounting can be expected and heat dissipation of the coreless coil 20 is improved. The taper 66 
smoothes a current running on the terminals 64 and 65 as well as increases the strength of the 
terminals against bending force. Thanks to the ultrasonic bonding or welding employed to 
connecting the terminals 64 and 65 to the plate-type conductor 21, the connection cannot be 
1 0 broken due to the heat applied to the circuit board during mounting process. The coreless coil 20 
coupled to the terminals 64 and 65 is molded into the terminal base 24 by insulating synthetic 
resin, which forms a coil part 67. On the terminal base 24, the triangular protrusion 27 is provided 
on one side of a bottom face, a protrusion 68 is provided on both the end faces of the upper face, 
and a cavity is provided on both the sides so that the terminals 64 and 65 fit the cavities when the 
1 5 terminals are bent. 

The closing magnetic core 34 is incorporated with the coil part 67. The closing magnetic core 
34 comprises E-shape magnetic core 39 and I-shape magnetic core 40 both made of manganese 
ferrite sintered body. On the common magnetic yoke 37 of the E-shape magnetic core 39, the 
notch 38 is provided so that the triangular protrusion 27 can be fit therein. On the I-shape 
20 magnetic core 40, a notch 70 is provided on the edges opposite to each other into which the 
protrusions 68 provided on the terminal base 24 can be fit. 

The terminal 64 coupled to the inner face of the coreless coil 20 is led out with a slant, so that 
the terminal 65 coupled to the outer face of the coreless coil 20 can be led out at the bottom of the 
terminal base 24 with an identical form to the terminal 64. Accordingly, both of the terminals do 
25 not have any difference in direction when the choke coil is mounted to the substrate. As a result, 
mounting efficiency is improved. 

The choke coil illustrated in Figs. 44 and 45 is assembled through the following steps: first, 
a) incorporate the E-shape magnetic core 39 having the cylindrical center magnetic leg 35 with 
the terminal base 24 (i.e., the coil part 67) from its bottom face, second, b) fit the triangular 
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protrusion 27 into the notch 38 for ensuring the positioning, third, c) fit the protrusion 68 of the 
terminal base 24 into the notch 70 so that the I-shape magnetic core 40 is incorporated with the 
terminal base 24, and finally, d) bend upward the terminals 64 and 65 led out from the bottom face 
of the terminal base 24 to fit into the cavity 69 provided on the side faces of the terminal base 24. 
5 The choke coil is thus completed. 

The above structure has the following advantages: 1) the coreless coil 20 is mounted on the 
face contacted to the closing magnetic core 34 via an insulating layer because the surface of 
coreless coil 20 is molded by insulating synthetic resin, as a result, no damage is expected to the 
coreless coil 20, the terminals 64 and 65 in the assembly process. Also, heat dissipation of the 

10 coreless coil 20 is improved, and the size thereof as well as a number of components can be 
reduced, 2) since the positioning is achieved between the protrusion 68 of the terminal base 24 
and the notch 70 of the I-shape magnetic core 40, assembly efficiency and product reliabiUty are 
improved, and 3) because the terminals 64 and 65 are fit into the cavity 69 on the side face of the 
terminal base 24, a moimting space on the mounting substrate can be reduced. 

15 Regarding the terminals 64 and 65, the choke coil as shown in Fig. 43 can be mounted 

depending on a certain condition. The notch 38 accepting the triangular protrusion 27 can be 
provided on the I-shape magnetic core 40. The notch 70 accepting the protrusion 68 of the 
terminal base 24 can be provided on the E-shape magnetic core. 

20 Industrial Applicability 

As discussed in the above embodiments, the choke coil of the present invention comprises the 
followdng elements: (a) a closing magnetic core includmg a center magnetic leg, outer magnetic 
legs and a common magnetic yoke, (b) an coreless coil coiling a plate-type wire made of flat-type 
wire or foil-type wire to form itself, the coreless coil being mounted to the center magnetic leg of 
25 the closing magnetic core, where two terminals are coupled to respective ends of the plate-type 
wire of the coreless coil, and at least one of the terminals disposed at an inner turn of the coreless 
coil is led out to outside through a notch or an opening provided on either side of the common 
magnetic yoke of the closing magnetic core. Accordingly the thickness of the inside temiinal of 
the closing magnetic core does not influence a window height of the closing magnetic core, 
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thereby eliminating a dead space along the window height direction, increasing a space factor, 
lowering the window height of the closing magnetic core. On the other hand, the thickness of the 
inside terminal can be increased, i.e., the sectional area of the terminal can be widened to 
accommodate a larger current. As a result, the choke coil of thinner and lower in size and 
5 accomodating a larger current can be produced. 

Further, when the coreless coil is mounted on a face contacted to the closing magnetic core 
via an insulating layer, the coreless coil and the terminals are prevented from being damages 
during assembly. As a result, a choke coil of better efficiency in assembly and the higher 
reliability can be produced. 
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What is claimed is: 

1 . A choke coil comprising: 
5 a closing magnetic core including: 

a center magnetic leg, 
a outer magnetic leg, and 
a common magnetic yoke, and 
a coreless coil coiling a plate-type wire made of one of flat type wire and foil type wire, 
1 0 said coreless coil being mounted to the center magnetic leg, wherein a terminal is coupled to both 
ends of the plate-type wire of the coreless coil and at least a terminal coupled to an inside end is 
led out to outside through one of a notch and an opening provided to one side of said common 
magnetic stool of said closing magnetic core. 

15 2. The choke coil as defined in Claim 1, wherein said coreless coil is mounted on a face 
contacted to the closing magnetic core via an insulating layer. 

3. The choke coil as defined in Claim 1 or Claim 2, wherein said closing magnetic core 
comprising: a combination of EE-shape, El-shape and TU-shape closing magnetic cores. 

20 

4. The choke coil as defined in Claim 3, wherein said closing magnetic core comprising: a 
manganese ferrite core, 

5. The choke coil as defined in Claim 1 or Claim 2, wherein said closing magnetic core 
25 comprising: a center magnetic leg including magnetic gap thereon. 

6. The choke coil as defined in Claim 1 or Claim 2, wherein said closing magnetic core 
comprising: a center magnetic leg including magnetic gap thereon. 
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7. The choke coil as defined in Claim 1 or Claim 2, wherein said center magnetic leg of the 
closing magnetic core has a cross section shaped in one of a circle, an oval and an elUpse 



8. The choke coil as defined in Claim 1 or Claim 2, wherein, on a free side of said common 
5 magnetic yoke, one of a cavity, a notch and a hole is provided at a place corresponding to the 

terminal situated inside of the common magnetic yoke, wherein another side of said common 
magnetic yoke has been provided with one of a notch and an opening. 

9. The choke coil as defined in Claim 1 or Claim 2, wherein El-shape magnetic core is 
10 employed as said closing magnetic core, wherein said I-shape magnetic core has one of a notch 

and an opening through which said terminal coupled to the inside end of the coreless coil is led 
out. 

10. The choke coil as defined in Claim 1 or Claim 2, wherein a thickness of a free side of said 
1 5 common magnetic yoke of the closing magnetic core is 65-90% that of another side where one of 

the notch and the opening for pulling out the terminal is provided. 

1 1 . The choke coil as defined in Claim 2, wherein said coreless coil is housed in one of a resin 
molded case and an insulating case. 

20 

12. The choke coil as defined in Claim 1 or Claim 2, wherein said coreless coil comprises a 
self-welding flat-type insulating wire. 

13. The choke coil as defined in Claim 1 or Claim 2, wherein said coreless coil is shaped in 
25 one of a circle, an oval and an ellipse responsive to a shape of said center magnetic leg of the 

closing magnetic core. 

14. The choke coil as defined in Claim 2, wherein both ends of the plate-type wire constitudng 
said coreless coil are bent so that each end protrudes inside and outside respectively. 

30 
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15. The choke coil as defined in Claim 1 or Claim 2, wherein a spacer is disposed between 
the plate-type wire and a connecting portion of the terminal coupled to each end of the coreless 
coil. 

5 16. The choke coil as defined in Claim 1 2, wherein a distance between the end of the plate- 

type wire and the connecting portion of the terminal is slightly extended. 

17. The choke coil as defined in Claim 1 or Claim 2, wherein the insulating layer formed 
between the coreless coil and the closing magnetic core comprises a positioning protrusion which 

1 0 fits into one of the notch and the opening provided to the one side of the common magnetic yoke 
of the closing magnetic core. 

18. The choke coil as defined in Claim 1 or Claim 2, wherein the insulating layer formed 
between the coreless coil and the closing magnetic core comprises a terminal base. 

19. The choke coil as defined in Claim 18, wherein said terminal base comprises: 
a base plate, and 

a cylinder located in a center of the terminal base, wherein said cylinder engages with 
the center magnetic leg of the closing magnetic core. 

20. The choke coil as defined in Claim 19, wherein said cylinder of the terminal base 
comprises: 

a cylinder having thickness deviation, and 
a guiding portion provided at a thicker part of said cylinder for eagaging with the 
terminal of the coreless coil. 

21 . The choke coil as defined in Claim 20, wherein said cylinder comprises: 

a fixing part provided at the thicker part of said cylinder for fixing a bent portion of the 
end of the coreless coil. 
30 
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22. The choke coil as defined in Claim 18, wherein said terminal base comprises: 
a cylinder, and 
a base plate, 

wherein said cylinder and said base plate are independently built and then coupled 

5 together. 

23. The choke coil as defined in Claim 18, wherein said terminal base comprises; 
a base plate having a support protrusion at each comer thereof. 

10 

24. The choke coil as defined in Claim 23, wherein said support protrusions at each comer 
have a taper on a face into which an outer turn of the coreless coil is inserted. 

25. The choke coil as defined in Claim 23, wherein a part of said support protmsion of the 
1 5 terminal base has a fixing part for fixing a bent portion provided at an outer turn of the coreless 

coil. 

26. The choke coil as defined in Claim 17, wherein a terminal base has the coreless coil 
incorporated into said terminal base as one molding. 

20 

27. The choke coil as defined in Claim 1, wherein the coreless coil is molded into an El- 
shape closing magnetic core of which at least one of two edges corresponding to edges of an 1- 
shape magnetic core has a notch to which a terminal base is mounted, and one face of the terminal 
base has a protmsion engaging with a notch of the I-shape magnetic core. 

25 

28. The choke coil as defined in Claim 2, wherein the insulating layer between the coreless 
coil and the closing magnetic core comprises an insulating sheet. 
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29. The choke coil as defined in Claim 28, wherein said insulating sheet has an engaging part 
at each outside comer thereof for engaging with one of the outer magnetic leg, an insulating 
enclosure of the coreless coil, and a support protrusion for the insulating sheet to be positioned. 

30. The choke coil as defined in Claim 28, wherein said insulating sheet has an opening which 
fits into the center magnetic leg of the closing magnetic core. 

31. The choke coil as defined in Claim 1 or 2, wherein the terminal coupled to both ends of 
coreless coil employs one of a plate-type terminal and a pin-type terminal. 

32. The choke coil as defined in Claim 3 1 , wherein said terminal is formed to fit into a guide 
groove on a lower face of a positioning part so formed to fit into the notch provided on the closing 
magnetic core, said terminal being led out to be flush with a bottom face of the choke coil. 

33. The choke coil as defined in Claim 1 or 2, wherein said terminal comprises a portion 
coupled to the coreless coil, and another portion led out fi-om a terminal base, wherein said another 
portion has a wider width. 

34. The choke coil as defined in Claim 33, wherein said terminal has a taper for absorbing a 
width difference at a boundary part between two portions having different width. 

35. The choke coil as defined in Claim 1 or 2, wherein the terminal is coupled to the coreless 
coil by one of ultrasonic bonding and welding. 

36. The choke coil as defined in Claim 1 or 2, wherein the two terminals led out from a 
terminal base has a same mounting face when being mounted onto a substrate. 

37. The choke coil as defined in Claim 1 or 2, wherein the terminal led out from a terminal 
base is so bent to be along a side face of a terminal base. 
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38. The choke coil as defined in Claim 1 or 2, wherein an insulating plate is provided beneath 
a bottom face of the closing magnetic core for guiding the terminal. 
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Abstract 

The present invention relates to a choke coil utilized in a variety of electronic products both 
for industrial use and consumer use, and aims to provide a choke coil that is thinner in size, 
accommodates a larger current, provides better efficiency in assembly and higher reliability. The 
5 choke coil of the present invention comprises a closing magnetic core having a center magnetic 
leg, an outer magnetic leg 36 and a common magnetic yoke. A coreless coil winds a plate-type 
wire around the center magnetic leg of the closing magnetic core to form itself, and is mounted 
to the closing magnetic core. At least one terminal coupled to an inner turn of the coreless coil 
out of terminals coupled to both ends of the plate-type wire of the coreless coil is led out from a 
1 0 notch provided on one side of the common magnetic yoke of the closing magnetic core. 
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Reference Numerals in the Drawings: 

20 coreless coil 

21 plate-type wire 

22 inner terminal 
5 23 outer terminal 

24 terminal base 

25 cylinder 

26 base plate 

27 triangular protrusion 
10 28 vertical groove 

29,30 terminal hole 
31,32 terminal groove 

33 insulating sheet 

34 closing magnetic core 
15 35 center magnetic leg 

36 outer magnetic leg 

37 common magnetic yoke 

38 notch 

39 E-shape magnetic core 
20 40 I-shape magnetic core 

41 cavity notch 

42 magnetic gap 
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iDITIONALINVEWTOIlSPROVtDBD ON ATTACHED PAGES YES Ji_ NO. 



5ent By: ROSSI; 7037298957; ''"^I'-IS-m 3:10PM; Page 8/12 



fi>lnv«ito.'s Name: . KOJI NAKASHIMA 



Given Name -Mtddte4iHtHd~-Fainily Name 



Residence: ^ ^ \ \ ...... - ^jvlATSCTSAKA-fHI. }^1E JAPAN \f X 

■ ' ' ^ StBte/PravJnce Cotintty 

Mailing Address: 70-5. NUIOAOKA-CHO 



Street/P.O. Box 



mats; iSAKA -SHr. MIF S 1 5 JAPAN 



City State/Province Zip Ccuntry 



Citizenship: Japanese 
Signature 



^ . August 20, 1998 



(3) Inventoi's Name; __™ p:riS.UM9W J9MW^ 

Given Name Middle Initial Family >(ame 

Residence: | j j Igl'-'^"i ^^"^^ ^ 



city State/Province Country 



Mailing Address: . 45g-3<>. KANNONJi-CHQ 



Street/P.O. Box 



TK^ ..SHI MrRS 14 JAPAN 



City State/Provitjce Zip Countiy 

Citizenship: Jananese 

'i/ r August 20, 1998 
Rignanin- /taXaUrtl^U O JJJi,<,C tc^ Date: . 

(4) Inventor's Name: . K i YSSBU ^lAKACL- 



j, Given Name Middle Initial Family Name 

Residence! _J MATSl^KA-m , M I E MPAN 

City" sSte/Province Countiy 



Mailing Address: 8 3 . ) . PTS V-CHO ■ 

Strcel/P.O, Box 



Citizenship: Japanese — 
Sigpature; KcM-t^hoA^ TZ^^jj. 



M ft T^i iSAKA -ffHl. Mir 
City Statt/Provinco Zip Country 



T,..^. August 20, 1998 



ADOmOMAL INVEKlt>RS PROVIDED ON ATTACHED FAOES YES 



NO J4_ 



